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Table 1 Simulating potential parameters
Atom D/meV ¢ m n o/ U
Ag 4.007 2 94.948 6 11 4.069 1
Cu 5.792 1 84. 843 5 10 3.603 0
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Table 2 Relation of number of various bond-types with temperature in AggCus(2% 102 K/s )

Relative number of bond-type/ %

e 1311 1321 1421 1422 1431 1441 1541 1551 1661
1 800 2.3 2.2 2.6 5.4 18.5 5.3 17.8 31.8 8.0
1 700 2.0 1.8 3.7 5.9 18.3 5.2 18.1 31.0 7.8
1 600 1.3 1.4 2.4 5.0 17.5 5.7 19.4 34.4 8.1
1 500 1.3 1.5 2.2 4.7 15.0 6.1 17.1 35.1 6.1
1 400 1.2 1.0 2.1 4.0 14.9 5.9 17.1 38.8 9.9
1 300 2.1 1.:3 3.8 7.6 20.0 5.3 20.7 30.0 5.7
1 200 1. 7 1.2 3.8 7.9 20. 1 3.6 20.7 30.5 5.4
1 100 2.0 1.5 3.5 6.0 18. 4 4.6 18.4 32.7 75
1 000 1.2 1.1 3.3 5.5 18.0 4.5 19.7 34.5 7.4
900 2.1 1.0 4.2 9.9 19.5 3.2 18.6 31.1 5.2
800 1.5 0.9 2.4 4.9 16.5 5.7 18.6 36.4 8.6
700 2.5 1.4 5.1 8.6 20. 8 3.2 19.8 29.1 4.7
600 2.5 1.2 5.3 11.1 21.2 2.0 19.1 27.6 3.7
500 1.9 1.1 3.5 6.6 19.9 4.2 20.6 30.8 6.2
400 1.9 0.7 3.6 7 19.7 3.8 19.8 32.4 6.0
300 1.8 1.0 3.7 7. 19.3 3.5 20.0 32.2 5.7
£3 AgeCuy BB G EM X R (6% 107 K/s)
Table 3  Relation of number of various bond-types with temperature in AggCus(6% 10" K/s )
Relative number of bond-type/ %

T/K

1311 1321 1421 1422 1431 1441 1541 1551 1661
1 800 2.3 2.2 2.6 5.4 18.5 5.3 17.8 31.8 8.0
1 700 2.9 2.1 3.7 7.6 19.4 4.5 19.3 27.5 5.9
1 600 1,1 1.2 2.4 5.0 18. 4 7.1 19.5 29.6 9.9
1 500 4.3 2.5 6.2 11.9 22.4 2.5 19.2 20.1 3.2
1 400 2.6 1.7 4.4 8.7 20. 4 3.7 20.1 26.8 5.5
1 300 2.9 1.4 4.7 10. 8 21.2 3.1 19.8 26.2 4.0
1 200 2.0 1.1 5.0 9.1 19.3 4.1 20.0 28.2 5.8
1 100 1.0 0.9 :3:9 7.1 18.0 4.6 21.2 30.9 7.4
1 000 2.7 1.8 3.3 6.5 20.2 4.0 19:3 25.3 4.1
900 2.4 1.2 4.8 9.6 19.0 3.6 21.1 27.9 5.1
800 1.6 1.3 5.2 9.7 19.7 2.9 20.6 29.1 4.6
700 2.2 0.9 5.4 12.1 19.3 2.6 20.2 27.9 4.0
600 1.6 1.4 4.9 9.7 19.9 3.1 20.3 29.0 4.8
500 1.0 11 4.6 9.2 17.6 3.7 20.6 31.5 5.9
400 2.4 1.5 3.6 4.8 19.7 3.8 19.7 28.3 5.3
300 0.8 0.9 4.0 7.6 16. 6 4.6 19.9 33.4 7.6
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Table 4 Relation of number of various bond-types with temperature in AggCus(2% 10" K/s )

Relative number of bond-type/ %

K 1311 1321 1421 1422 1431 1441 1541 1551 1661
1 800 2.3 2.2 2.6 5.4 18.5 5.3 17.8 31.8 8.0
1 700 1.6 1.3 2.2 3.9 16. 8 6.7 18.0 32.9 9.9
1 600 1.9 1.7 3.9 73 19.7 5:2 18.9 28.0 7.1
1 500 2. d 1.5 4.0 8.5 19. 6 4.5 19.6 27.0 6.0
1 400 2 2 1.7 4.1 7.8 20.2 4.4 20.7 28.2 6.2
1 300 3.4 1.8 4.2 11.0 20.9 3.1 19. 1 26.5 4.8
1 200 2.4 1.7 4.0 7.9 20. 8 3.9 20.6 26.8 5.4
1 100 0.9 0.8 .2.2 4.4 16. 4 6.0 19.6 34.6 8.7
1 000 1.0 0.8 2.2 4.9 15.1 5.6 18.5 36.4 8.9
900 1.5 1.0 3.2 7.7 16.3 4.4 18.9 33.1 7.2
800 1.9 1.5 3.7 8.2 18.0 5.0 19.7 29.6 7.0
700 2.2 1.7 1.4 7.5 18.4 4.5 20.9 30.3 6.7
600 0.8 1.0 3.5 7.7 15.3 5.5 18.2 33.3 5.5
500 1.7 1.0 4.9 9.3 19.0 4.3 20. 1 28.6 6.6
400 1.2 0.8 2.9 5.7 17.1 6.3 20.2 30.8 9.3
300 1.1 0.7 3:3 6.3 18.3 4.9 22,2 31.0 7.4

S5 AgeCuy AT ZIMARHH B K R(2% 107 K/s )
Table 5 Relation of number of various cluster polyhedron types with temperature in AggCus(2 % 10" K/ s)

Polyhedral Number of corresponding atomic polyhedra
type 1 800 K1700 K1 600K1500K1400K1300K1200K1100K1000K 900K 800 K 700 K 600 K 500 K 400 K 300 K
(120120 17 9 19 24 24 14 15 16 18 13 23 10 16 13 17 15
(12282 1 1 1 6 6 2 6 2 3 4 4 5 1 0 0 3
(131102 3 6 6 8 11 2 1 9 3 3 6 2 1 2 4 5
(13364 2 6 1 4 1 1 0 2 2 4 3 1 2 2 2 2
(14284 5 2 1 4 5 2 1 3 2 0 6 1 0 1 1 1
(140122 0 1 1 1 3 0 0 0 0 0 0 0 0 0 0 0
(15012 3) 1 2 0 0 1 0 0 1 3 2 2 1 1 0 2 2
(16 0 12 4) 1 0 0 0 0 0 2 1 1 0 0 1 0 0 1 0
R6 AgeCuy JR FLZHAE HILERIRR(6% 107 K/s)
Table 6 Relation of number of various cluster polyhedron types
with temperature in A geCus( 6 X 107 K/s )
Polyhedral Number of corresponding atomic polyhedra
type 1800 K1700K1600KI1500K1400K1300K1200K1100K1000K 900K 800K 700 K 600 K 500 K 400 K 300 K

(12012 0) 17 10 11 10 8 11 14 10 13 15 16 19 15 17 15 19
(12282 1 2 4 0 1 2 3 3 2 1 1 2 3 2 2 2
(131102 3 4 5 0 0 3 4 1 1 2 0 0 1 3 1 2
(13364 2 0 4 0 0 0 1 3 0 2 0 0 1 1 2 5
(14284 5 1 2 0 0 2 5 3 0 0 1 0 1 1 0 3
(140122 0 0 0 0 1 1 3 5 1 0 2 1 2 3 2 4
(150123) 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0
(16 0 12 4) 1 0 0 0 0 0 1 0 0 0 0 1 1 1 1 1
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Table 7 Relation of number of various cluster polyhedron types with
temperature in AgeCua(2 X 10" K/ s)
Polyhedral Nwnber of ‘everesponding atomic polyhedsa
type 1800 K1700K1600KI1500KI1400K1300K1200K1 100K 1000K 900 K 800 K 700 K 600 K 500 K 400 K 300 K
(12012 0) 17 18 16 12 13 10 12 21 22 7 17 14 21 15 11 17
(12282 1 5 1 3 3 2 2 1 7 3 2 2 8 4 4 5
(131102 3 4 1 2 0 1 0 7 3 5 1 1 3 3 2 2
(13364 2 3 2 0 2 1 1 6 2 4 4 1 0 2 6 1
(14284 5 1 2 2 1 2 0 2 1 2 1 2 2 0 2 2
(140122 0 0 1 1 0 1 1 1 2 1 2 2 0 0 0 0
(15012 3) 1 0 2 0 0 1 0 0 0 1 1 0 5 2 2 2
(160 12 4) 1 0 0 0 1 1 1 0 1 1 1 1 0 0 1 0
8 AgeCuy — T AL JEUT K434 (300 K )
Table 8 Center atom of icosahedra in
AgeCuq( 300 K)
Atom 2x 10 K/s  6x10°K/s  2x 10" K/s
Cu 13 19 16
Ag 2 0 1
£9 AgeCuy - TIHATEEE T (K404 (300 K )
Table 9 Shell atom of icosahedra in
AgCuq( 300 K)
Atom 2x10”K/s  6x10°K/s  2x10"K/s
Cu 70 94 79
Ag 110 134 125
[ A ey (1K %N AN K VA W Ui A M o (150123)
W RATBUNE Cu J8FAEAE 4 oo A Mo
2 4 5 BT AR R 5, R L AgsCu = THERSHRRRE
THOKH Ag JEUT B £ M0 BLEE S 268 L i T i iy ol .
JE AL, AR S R R Dk Wi AR N T BEARE
2.2 SEHIIEE 3 it

B AL 25 HEABE R o J A E AR 5 PP —
JEARI Bernal ' Z ik . — TR E/NMAIRF— K
PFBRZ AR B2 F . TR T 55 45 I &
B REBRKEN T HARINEFAE B AR
1) 1441 . 1551 F1 1661 B A 2H % 125 F R+ 2 1
AR . B AR DL TR R A A K
FRUAR FRZ 8 iR R 2 I AABA, (12 0 12
0) .(12282) .(131102) .(13364) .(14238
4) (15012 3) B HFEK . AgeCus TR
FEZ AR WE 1R,

1) fE4ER 3 PR R, Gl A A S
H AgeCus BZTE AR A . AEF i &G S BB K
AR RE M A S BEAE FH R J7 B — TASE H

2) AgeCus WASRLF P ERKER L=+
AR ER Z ARG, KR o mEE2 MR s
fEfl RIRFAEF R, IS5 M2/, 300
JE . ARSI ERIBLEEIR T AR ARG, AT R
LI T ARR S .

3) i s AR AR b A I ROU 45 R AN BER



55 13 5 6 Y]

AR, 55 WEEE AgeCuy BB AR S HAL ) 20 T 3) 12

* 1337 -

B AL HERIRL 1Y) Bernal 22 AR, R H] -1
AR MARA .

REFERENCES

Takayama S. Journal

M aterials Science, 1976, 11: 164 ~ 185.

Glass formation and stability[ J].

Honeycutt J D, Andersen H C. Moleculardynamics
study of melting and freezing of small lennard-jones clus-
ters[ J]. J Phys Chem, 1987, 91: 4950 ~ 4963.
ZHENG Carxing, LIU Rang-su, DONG Ke jun, et al.
Simulation study on transition mechanisms of microstruc-
tures during forming processes of amorphous metals[ J].
Trans Nonferrous Met Soc China, 2001, 11(1): 35~
39.

KA, XAkTF, ERE, & BWEEREKRESR
R Al ) e AR HL R R B RLBIE S J] . AT <R A
BH5 TR, 2001, 30(2): 89~ 92.

ZHENG Carxing, LIU Ramrsu, DONG Kejun, et al.
Simulation study on transition mechanism of microstruc-
tures during forming processes of amorphous metals[ J].
Rare Metals Material and Engineering, 2001, 30(2): 89
~92.

HRAE, xikgy, HRE, & RS R R
HH T A 46 e 2 AR R P R B SR [D] . R (A
), 2001, 30(8): 754 =~ 760.

ZHENG Carxing, LIU Ramrsu, DONG Kejun, et al.
Simulation study on the formation and transition features
of cluster structures during rapid cooling processes of liq
uid metals[ J]. Science in China ( Series A) , 2001, 31
(8): 754~ 1760.

[6]

[ 12]

AR, xikgr, #HRVE, & ARRASeE AL P
75 2 T ARG R B I A AR AT 5L (1] IR T
TSR, 2002, 19(1): 59 ~ 64.

ZHENG Carxing, LIU Ransu, DONG Kejun, et al. A
simulation study on configurations and transforming rules
of cluster polyhedra in amorphous metal Al[ J]. Chinese
Journal of Atomic and Molecular Physics, 2002, 19(1):
59 ~ 64.

ZHENG Carxing, LIU Rang-su, DONG Kejun, et al.
Simulation study on the formation and transition proper
ties of cluster structures in liquid metals during rapid cool-
ing processes| J|. Science in China, 2002, 45(2): 233~
240.

LIU Rarrsu, DONG Kejun, LI Jryong, et al. Molecu-
lar dynamics simulation of microstructure transitions in a
large scale liquid metal Al system during rapid cooling
processes| J]. Chinese Physics Letters, 2002, 19(8):
1144 - 1147.
LIU Ramrsu, LIU Harrong, ZHENG Carxing, et al.
Microstructure transition of liquid metal Al during heating
and cooling processes[ J]. Chinese Physics Letters, 2001,
18(10): 1383 ~ 1385.

Sutton A P, Chen J. Long-rang Finnis-Sinclair poten-
tials[ J]. Philos Mag Lett, 1990, 61(3): 139 ~ 146.
Yue Qi, Tahir Cagin, Yoshitaka, et al. Moleculardy-
namics simulations of glass formation and crystallization
in binary liquid metals: Cu-Ag and Cu-Ni[ J]. Physical
Review B, 1999, 59(2): 3527 ~ 3533.
Buckel W. Steeb S, Warlimont H. Rapidly Quenched
Metals[ M ]. Elsevier Sci Pub B, V,

1985. 275~ 276.

Amsterdam:

Molecular dynamics simulation of amorphous formation during
solidification processes of liquid metal AgsCuy

ZHENG Carxing , LIU Rang-su, PENG Ping
( Department of Physics, Hunan University, Changsha 410082, China)

Abstract: A molecular dynamics (M D) simulation study on the solidification processes of liquid metal AgsCuy was performed by us-

ing quantum Sutton-Chen many-body potential. It is demonstrated that in the range of cooling rate of 2 x 10~ 2 x 10'* K/s, the

AgCuy always forms amorphous state, and the icosahedral structures play a critical role in the formation and stability of amorphous al-

loys. In addition, the bond-type index and polyhedron cluster-type index methods were used to analyze the transformation of mr

crostructures, thus the solidification processes and the configuration characteristic of amorphous metals can be understood deeply.

Key words: solidification processes; model of amorphous microstructure; molecular dynamics; computer simulation
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